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Description 

This invention relates to adhesive compositions that adhere strongly to any of the hard tissues of the 
living body, such as teeth and bones, metallic materials, organic polymers and ceramics, and whose 
adhesive strength has good water resistance. The term « adhesive compositions » as herein used not only 
means compositions used for bonding two or more adherends to one another, but also means 

5 compositions used for forming highly adhesive coatings on the surfaces of adherends such as metallic 
materials and organic polymers, and compositions used for forming highly adhesive fillings in the repair 
of hard tissues of the Irving body. In other words, the adhesive compositions to which this Invention 
relates comprehend all compositions that exhibit adhesion to and thus are applicable to various kinds of 
substances, such as the hard tissues of the living body, metallic materials, organic polymers and 

to ceramics. 

Various kinds of metallic materials, organic polymers and ceramics are used for the restoration of 
teeth. When these restorative materials are mounted in the mouth, it is necessary to ensure the adhesion 
between the teeth and the metal, organic polymer or ceramic and also the adhesion of the restorative 
materials to each other, for example, metal to metal, ceramics or organic polymer. In particular, since 
75 dentistry involves use In the mouth, the adhesion must be satisfactory under wet conditions. 

Numerous and varied attempts to use phosphate compounds in adhesive compositions have already 
been made in the dentistry field. 

(1) U.S. Patents Nos. 4,259.075. 4.259.117 and 4.368.043 indicate that a polymerizable composition 
containing a vinyl compound having a group of the formula : 

20 



C-O-P-O-C or C-O-P-C 

25 

OH OH 

is effective as a dental adhesive. U.S. Patent No. 4,222,760 indicates that a polymerizable composition 
30 containing a vinyl compound having a group of the formula : 



35 



C- P - C 
« 

OH 



40 is an effective dental adhesive. Some of the compositions falling within the above patents have been 
widely used as primers for coating the cavity wall before a tooth cavity is filled. However, there were the 
problems that the cavity wall must be acid-etched beforehand in order to provide satisfactory adhesive 
strength to the tooth and that the adhesive strength to a Ni-Cr alloy commonly used In dentistry rres not 
satisfactory. 

45 (2) Attempts to obtain adhesives having adhesion to teeth using polymerizable phosphate com- 
pounds have also been made, e. g. 

(i) U.S. Patent No. 3,882,600 describes phosphoryl monofluoride : 

(ii) Journal of Dental Research, vol. 53. p. 878-688 and vol. 56. p. 943-952, Chemical Abstract vol. 
77. p. 290 {66 175 g) and Japanese Patent Application laid-open No. 44152/1976 describe CHj-CH- 

50 POtOHfe and CH 2 =CHC fl H 4 CH 2 PO(OH) 2 ; 

(Hi) Japanese Laid-open Patent Application No. 113843TI978 shows compounds obtained by 
neutralizing one of the two hydroxyl groups in compounds of the formula : 

O 



R - O -'P - OH 



OH 

where R represents an organic residue having at least one vinyl group, specific examples of which include 
the following (where M represents an alkali metal) : • . 



2 
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CH 2 =CHC 6 H 4 OPO(OH) (OM) 



10 



15 



20 



25 



30 



CH 2 =C-C0OCH 2 CH 2 OPO(OH) (OM) 
CH 2 »CHCH 2 OPO(OH) (OM) 

OCH 3 

Clf2CHCH 2 -/oS-OPO(OH) (OM) 

CH 3 CH 3 
CH 2 -C-COOCH 2 CH 2 C11CH 2 CH 2 OC0C-CH 2 

O 
I 

HO-P-0 
I 

OM 



CH 3 

CH 2 <>COOCH 2 CH 2 OCH 2 CHCH 2 OPO(OH) (OH) 

35 l 

OPO(OH)(OM) 



CH 3 

40 I 



I 

45 CH 



CH 2 »C-COOCH 2 CHCH 2 OPO(OH) (OM) 
CH 2 «C-COO 



(rv) Japanese Patent Publication No. 49557/1982 describes rnethacryloyloxyethBne-1 f 1-diphos- 
50 phonic acid of the following formula : 

OH 

CH 3 0»P< 
I | OH 

55 H 2 C=C — COOC-CH3 

I OH 
0«P< 

OH 



60 as an adhesive component in a dental adhesive. 

In the case of all the compounds described in (i) to (iv) above, high adhesive strength (especially to 
metals) under wet conditions cannot be obtained. 

Japanese Laid-open Patent Specifications Nos. 131799/1982 and 16471/1982 disclose as a compo- 
nent of dental adhesive a pyrophosphate derivative having a polymerizable functional group and a group 
65 of the formula 



3 
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O 0 

1 I I I 
-C-O-P-O-P-O-C- 

_ I I I I 

* OH OH 

or preferably a pyrophosphate derivative of the formula 

0 O 

10 B B 

RlO-P-O-P-OR 2 

1 I 

OH OH 

J5 where R 1 is an alryl, methacryloyloxy-{C,., alky!) or dimethacryloyloxy (C^ alky!) radical : and R' is an 
alryl. methacryloyloxy (C,« alkyl) or aryl radical and the C,« alkyl residue in R 1 and R 2 is optionally 
nydroxysutetrtuted. These specifications assert that these compounds increase the adhesive force for the 
enamel of human teeth, but they do not mention anything about adhesion to metals and further studies 
have in fact shown that the compounds do not significantly increase the water resistance of the adhesive 

20 strength for metals. 

Further, attempts to use phosphate compounds in adhesive compositions have been made widely in 
various industries* Examples are disclosed in U.S. Patents Nos. 3.754.97Z 3.884.864. 3.987.127. 4.001,150 
4.044.044, 4.223,115. Japanese Laid-open Patent Applications Nos. 20238/1974* 100596/1975 
« ISlSir?: 12995/1978. 11920/1981 an* 44638/1982. and Japanese Patent Publication Nos. 4126/1980* 
25 4790/1980. However, none of the phosj_.iate compounds described in the above patent literature is free 
from problems associated with the retention of adhesive strength in the presence of water 

The present invention provides an adhesive comprising (a) 1 part by weight of a "compound 
represented by the formula 

30 



O O 
5 B 

OH OH 

40 in which each 

R, and R," is a hydrogen atom or a methyl group, each of X v X lf X 2 and X 2 * is O, S, or NR*. where 
R* is a hydrogan atom or a C M alkyl group, 
m is 1. 2, 3 or 4. 
n is 0, 1. 2, 3 or 4. each of 
45 k and X is 0 or 1. 

R. is a Ckio organic residue having a valency of (m + 1). and 
Rt is a Ciuo organic residue having a valency of (n + 1) : and 

(b) 0 to 199 parts by weight of a monomer that is coporymerizable with the compound (I). 
The above-mentioned compound (I), on polymerization, exhibits adhesive properties for the hard 
50 tissues of the living body, metals, and ceramics. (This monomer may be referred to as the adhesive 
monomer hereinafter). 

Compositions of the present invention can be used for bonding a hard tissue of the Irving body with 
another such tissue or a material for restoring the tissue (for example, a metal, an organic polymer or a 
ceramic material), or for filling and restoring such a hard tissue (e. g. a tooth), for coating the inside of a 

55 cavity of a tooth before filling, for bonding and fixing a tooth and a dental restorative material (e. g. inlay 
onlay, abutment tooth, bridge, post, splint orthodontic bracket or crown), for bonding dental restorative 
materials to each other (e. g. abutment tooth and crown), as a pit and fissure sealant for coating a tooth 
surface to prevent caries, for bonding metals, organic polymers and ceramics, or as adhesives in coating 
agents or paints to form a coating having excellent adhesion on the surface of a metal or a ceramic 

60 material. 

The term « organic residue » means : 

(i) a hydrocarbon group optionally containing OH, COOH, Nr^ or halogen as a substituent ; and 

(ii) a group composed of 2 to 20 hydrocarbon groups of the type defined in (i) above connected to 
one another by linkages of one or more of the ether, thioether. ester, thioester. thiocarbonyl. amide 

65 carbonyl. sulphonyl, urethane. — NH — . f$ — 
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0 0 

n tt 

- 0 - P - 0 - and/or - 0 - P - 0 - type(s). 
5 OH O- 

including not only those groups in which the main chain is made up of hydrocarbon groups but also those 
in which some of the hydrocarbon groups constitute the side chain of the skeleton. 
10 Illustrated below are the hydrocarbon groups (represented by A) connected through the linkage 
(represented by B) of 

O 
I 

15 -0-, -C-0-, -C-, -S-, -C-S-, -C-, -S-, -CONH7 

in a ft i 

00 o s o 

20 oo 

1 I B 
-060NH7 -NH-, -N-, -0-P-O-, or -0-P-O- . 

I l 
OH O- 



25 



30 



35 



40 



45 



For simplicity, the group having the double bond is 

expressed by [C=C] and the 

o o 
0 1 

OH OH 



by[P-P]; 



[C-C]-A!-[P-P]-Ai-[C-C] , 

[C-C]^A 1 -IP-P]-A2 # IC-C]-A 1 -B 1 -A2-B2-A 3 -[P-P]- 
Ai»-B 1 »-A2 , -B 2 , -A 3 -tC-C], 



[C=C]-A 1 ~bi-A2-[P-P]-A 1 -B 1 -A 3 -[C=C] , and 
I I 
lOC]-A 3 B 2 ' 
50 I 

[C=C1 - 

55 - Al-Bx-A 2 -[P-P]-Al , -Bl , -A2 , 

[C=C]-J 

The term - hydrocarbon group . as used in this invention includes halogenated hydrocarbon groups 
BO unless otherwise noted. 7 tf wup ' 

wv^v 0n V' he v C0 ' n f ) v Unds 01 the abov * formu,a - a Pyrophosphate derivative of (meth)acrylic ester in 
wmcn X, X 2 , and Xj are oxygen and k and k' are l provides an adhesive which can be used in a 
variety of application areas. Particularly, those compounds in which R. =» R>. R, . r/, and m - n are 
« t ?K 5y -?u heSIZ ?' H!f e com P° unds in which m - n = 1 are preferable from the standpoint of adhesive 
65 strength. The preferred compound which exhibits high adhesive strength is one represented by formula 



5 
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(I) In which R, Is (i) a hydrocarbon group which may be substituted with a halogen, hydroxvl grouD 
E°J# ro w*h 0r C3r ^ Xyl i r ° UPi ° r 00 a Cmo h y dro ^ arbo " 9roup in which 2 to 7 hydrocarbon groups 
K tn ^ 1 ^ 5* subst " ute< ? With 8 h8,098n - hydroxy! 9 rou * amino 9roup. or carboxy! group and 
< ^Lm^^"^™ B ?l at leaSt ^ 6 ° f th0m t3S 3 0r more Carbon atoms J are connected to one 
^^V2am ether ' thi0ether ' ester > tnioester - thiocarbonyl. amide, carbonyl. 

0 o 
I B g 

?0 -NH-, -N-, -o-P-O- , or -O-P-O-- 

1 ! ' 
OH o- 

and R, is (!) a C,^, hydrocarbon group which may be substituted with a halogen, hydroxy! qrouo 
?^ 0 J2 ro '^V° r Car ^ Xy, °? Up ' or a hydrocarbon group in which 2 to 7 hydrocarbon groups 
[each of which may be substituted with a halogen, hydroxyl group, amino group, or carboxyl group and 
hw 1 to 29 carbon atoms] are connected to one another through a linkage of the type of ether, thioether 
ester, th.oester, thiocarbonyl. amide, carbonyl. sulfonyl. urethane, ""owner. 

20 0 0- 

I 0 ti 

-HH-, -N-, -0-P-O- , or -O-P-O- . 

I 1 
OH O- 

25 

The particularly preferred structure of R, is : 
(i) {— CH7—,) [where i is an integer from 8 to 20.] 

30 (ii) -^ H 2"(ci> , or -CH 2 -(hV 

^CH 2 - ^^2- 

(iii) KH 2 + q -0-{2> 
35 OfCH 2 ^ q 

[where q is 2. 3. or 4.] 

40 l' ,v > -CH 2 CH- 

I 

CH 2 0(CO) p -R b 

45 [where p is 0 or 1. and R« is a C^j hydrocarbon group.] 

Examples of the adhesive monomer used in this invention are illustrated below. 

CH 3 CH 3 
I I 
50 H 2 OC o O C=CH 2 

I 0 II } 

COO-fCH 2) i-0-P-O-P-OfCH r> i-OOC 
I I 
OH OH 

55 

(where i = 8-20) 

50 I 

H 2 OC o 0 

I ^ D D 

COOCH 2 CH 2 0-^5^-OCH 2 CH 2 OP-0-P-0-CH 3 

& OH OH 
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\ CH 3 O O C-CH2 

I IB* I 

COOCH 2/ C-CH 2 OCH 2CH-O-P-O-P-OCH 2 ttHOC 

OH OH 

c,, 

H 2 C-C O O CI 

COOCH 2 -(h)-CH2-C-P-0-P-0-CH2-<(o)-OH 

OK OH 

CH 3 CH 3 

H 2 C-C COOH O O COOH C-CH 2 

I I _ » • — I I 

C0tJH-CHCH 2 -(o)-0-P-0-P-0-<o)-CH2CHnH0C 

OH OH 

H H 
I I 
H 2 C-C CH 3 0 O CH 3 C-CH 2 

I I ill I 

COO*CH 2 CHO* 6 -P-0-P+OCHCH 2 * 5 -OOC" 

OH OH 

CH? 
I 

H 2 C-C CH 3 0 0 

' /~\ ' ■ t 

C00CH 2 CHCH 2 O-(o)-C-<O>-O-CH-)CHCH 2 -OP-O-P-OCH^ 
I I W "I I I 

OCH 3 CH 3 OCH 3 OH OH 



H 
I 

H 2 OC O .0 CH 3 (CH 2 ) 6 -i CH 3 

I « B II 

COSKH 2 * io-S-P-0-P-O-fCH 2 * 6 HOC-C-CH 2 

II 
OH OH 



CH 3 CH 3 

I I 

H 2 C»C C»CK, CH 3 

I I I 

COOCH 2 -i CH 2 OOC 0 0 C=CH 2 

I I I II I 
CHOCH 2 CCH 2 0+CH 6 -0-P-0-P-0-CH 2 CH ^OC 

COOCH 2 J CH2OOC OH OH 

I \ 

H-»C=C C-CH 2 

I I 

CH 3 CH 3 
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c„ 3 

H 2 OC O O CKo 

III | 

COOKH 2i 2 CH 2 -N-CH 2 CH 2 CfOOC-C=CH 2 ) 3 

OH OH CH 2 CH 2 OOC-OCH 2 

CH 3 

H 2 C«C o O C »CH 2 

I B II I 

COCHCH 2 CH 2 CH 2 CH 2 0* j -P-O-P-O+CH 2 CH 2 CH 2 CH 2 0 ) j -OC 

OH OH 

(where J = 2-10) 



CH 3 CH 3 
H 2 OC O O C=*CH 2 

COO*CH 2* 8" p -0-Pt CH 2 ) 8 -OOC 
OH OH 



-3 CH 3 
H 2 C»C \ o 0 0 C =CH 2 

COOCH 2 CH 2 oy— P-0+CH 2 ^ 10 -0-P-0-P-O.(o>-OCH 2 CH200C 
9 II \ 



OH OH COCH3 



H 2 C=CH \ OO 

COCXIH 2 y-CHCH 2 HH-<g)-0-P--0-F-OCH 2 CH 2 OCH3 

COO OH OH 

I 

H 2 C=CH 

CH 3 CH 3 
I i 
H 2 C=C O O C=CH 2 

I 10 1 

COOfCH 2 + 5-StCH 2 * 5-O-P-O-P-OCH 2 CH 2 OOC 

II 
OH OH 




COOCK 2 CH 2 C-^~C-SCK 2 CH 2 0-P i-0 




SO OH / 



2 



8 



0 115 948 



, H 3 

[H 2 C=C 0 \ 

COllHfCH 2 -»-i2-»HCOfCH2-)-6 ocotJHCK 2 CH 2 c -? — T 

OH/ ; 



lH 2 C=C-COOKH246-0-P-OCH2CH2KHfCH 2 46NH-P 4-0 

V OH OH / 2 




o oh / i 



OH / 2 

H2C»C COOH . 0 O 

1 r-t » » 

COOCH 2 CH200C-^o)-COOCH2CH20-P-0-P-OCF2CF3 

OH OH * 

CH 3 

H 2 C=*C HH 2 C 

1 r< » 

C00CH 2 -(o)-CH 2 O-P 

OH 7 2 

CH 3 ^ 0 0 CH 3 

H 2 C-C-COO-CH 2~<0>-CH 2 0-P-0-P-0-CH 2 ^0> -CH 200C-C-CH 2 

OH OH 

CH 3 0 0 a, 

1 II I 3 




I ! 

OH OH 



H 2 OC-COO-CH 2 -(H)-CH 2 0-P-0-P-O-CH 2 -(hVcH 200C-C-CH 2 
H 2 C=»C-COO-CH 2 CH 2 0- 



0 O <5>OCH 2 CH 2 



" OCH 2 CH 2 0P-0-P-OCH 2 CH 2 0 ' 



OH OH 



CB 3 
-OOC-C=CH 2 
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CH 3 0 O CH 3 

I OB | 

H 2 C=C-COOCH 2 CHO-P-0-?-OCHCH 2 OOC-C=CH9 
I I ' 
OH OH 



CH 2 OOCtCH 2 + 6 -CH 3 
10 CH 2 OOC*CH 2 * 6 -CH 3 



CH 3 0 0 . CH 3 

15 1 00 I 

H 2 C=C-COOCH 2 CH0-P-0-P-0CHCH 200C-C=CH2 

OH OH 



20 



CH 2 0-(o) 



CH 2 0-(o) 



~ m^u!^ 12 the l com P° und of f oriT>uIa (I) contains seven or fewer carbon atoms, the resuttino 

of its adhesive strength is Jso poor, as compared with the adhesive of this invention. In general as the 
number of carbon atoms in R. increases, the adhesive strength of the n^nrtlS^i^to 

strength is sufficient to achieve the results of this invention. There is no lower limit to the number of 

30 £Zl£i^ but when * comaire more than 40 **** atoms - the «S^^ m ^! 

The compound of formula (I) can be synthesized according to the process for svnthesizino 
phosphors-containing compounds described In the following literature. syntnesizing 
Organophosphorus Compounds, by Q.M. Kosolapoff, 
35 published by Wiley, 1950. 

Organophosphorus Monomers and Polymers, by Ye. L Getter, 
published by Pergamon Press, 1962. 

Modem Organic Synthesis Series 5, Organic phosphosus compounds. eJited by The Society of 
Synthetic Chemistry. Japan, published by Gihodo. ^ * of 

40 Bellstein (Springer-Verlarg) 

, D FOf D X ? m J ptel l h . e com P° und °* the formula (I) wherein X t . X,'. X* and X 2 are oxygen ; k and K are 
l . h, = h,. r, = r 1? and m = n - 1, or the compound of the following formula (II) 

45 \ r 

H 2 C»C O O C«CH 2 

I OB I 

C0O-R a -O-P-O-P-O-R a -O0C (||) 

50 OH OH 

is synthesized as follows : 
At first, 

55 *1 

H 2 O*C-C00R a -0H 



60 



is synthesized through the esterification reaction of (meth)acrylic acid and HO-fL-OH. The comoounri 
is changed into ^ 



65 



*1 
I 

H 2 C=C-C00-R a -0P0 3 H 2 



10 
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by esterifying the OH group with POCtj or pyrophosphoric acid. The phosphoric ester group is 
condensed by the dicyciohexylcarbodiimide process or by the dehydration with picryl chloride and 
pyridine. If HO— R»— OH is replaced by HS — R t — SH, h is possible to synthesize a compound of formula 
(II) in which O is replaced by S. 

5 According to this invention, the adhesive (which may also be reff erred to as the adhesive 
composition) is prepared by mixing the compound of formula (I) with a vinyl monomer which is 
copolymerizable with the compound. The copolymerizable monomer affects the viscosity, wettability. 
* curability, and mechanical properties of the adhesive. Thus it should be property selected according to 
the intended use of the adhesive. 

10 Usually, it is meth(acrylate) type monomer, styrene type monomer, or vinyl acetate. The monomer is 
not limited to them, however. It also includes (meth)acrylamide. r^r^butoxymethy!(meth)acryiamide, N* 
(hydroxymethy1)acry1arnide, and other acrylamidee ; and (meth)acryl)c acid, isobutytvinyl ether, diethyl 
fumarate. diethyl maleate. maleic anhydride, methyl vinyl ketone, airy! chloride, vinyl naphthalene, and 
vinylpyridine. The above-mentioned styrene type monomer includes those compounds (such as dMnyl 

15 benzene and p-chlorostyrene) represented by 



20 



25 



CH 2 »CH-@ or CH 2 CB-^0^ 



(where O denotes a halogen or a C 14 hydrocarbon group). The (meth)acrylate type monomer is one 
which is commonly used for anaerobic adhesives and dental adhesive*, it is a (meth)acrylate monomer 
represented by 

(CB 2 -CH-COO* t -U 

(where R, denotes H or CH,, U denotes a C 140 organic group, t denotes an integer of 1 to 4. and the 
30 organic group is defined above). Examples of such monomers include the following. 

(i) Monofunctional (meth)acrylate 

Methyl (methjacrytate, ethyl (meth)acrylate, n-butyl (methjacrylate, iso-butyl (meth)acrylate, n-hexyl 
(meth)acryiate, 2-etnylhexyl (methjacrylate, benzyl (meth)acrylate t decyl (methjacrylate, lauryl 
(meth)acrylate, stearyl (meth)acrylate, 2-hydroxyethyl {meth)acrylate (HEMA), 2-hydroxy propyl 
35 (meth)acrylate. dimethylaminoethyl (meth)acrylate. d lathy lamlnoethyl (meth)acrylate. 3«chloro-2-hyd- 
roxypropyl methacrylate. and 23-dibromopropyl (meth)acrylate. 

(ii) Difunctional (meth}acrylate 

a) One in which U is -CH^H^OCH^H^- or 

40 -CH 2 CH(OCH 2 CH) s - 

CH3 CH3 

(where s is an integer of 0 to 15) 
45 Ethylene glycol di(meth)acrylate, diethylene glycol dl(meth)acrylate, triethylene glycol 
di(meth)8crylate. tetraethyiene glycol di(meth)acrylate, polyethylene glycol di(meth)acrylate. propylene 
glycol di(meth)acrytate, dipropylene glycol di(meth)acryiate, and tripropylene glycol di(meth)acrylate. 

b) One in which U is an aikytene of carbon number 3 to 12 

Propanediol di(meth)acrylate, glycerin di(meth)acrylate. 1,3-butanediol di(meth)acryiate. 1.4* 
50 butanediol di(meth)acrylate T 1 ,5-pentanedlol di(meth)acrylate, 1 ,6-hexanediol di(meth)acrylate, neopen- 
ty I glycol di(meth)acrylate. 1,10-decanedtol di(meth)acry(ate. and dibromoneopentyl glycol dimethac- 
rylate. 

c) One in which U has a residue of bisphenol-A derivative Bisphenol-A dl(meth)acrylate, 2.2- 
bis[(meth)acryloyIoxy polyethoxyphenyljpropane, 

r; CH 3 R x 

I I I 

[CH 2 »C-COO ( CH 2 CH 2 0 ) t -(o)-C-(o)- ( OCH 2 CH 2 ) t -0-OC-C»C H 2 

60 CH3 

where t is an integer of 1 to 9], 

2^-bis-(4-acryloyloxy propoxyphenyljpropane, and 2.2-bis[4-(3-methacryloyloxy-2- 
hydroxypropoxy)phenyl]propane (Bis-GMA). Preferable among them are those in which U has a carbon 
65 number 15 to 30. 



11 
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d) One in which U is 



OH 0H 



1 I 

5 ~CH 2 CHCH 2 0 ( CH 2 CH 2 ) u OCH 2 CHCH 2 - 

(where u is 1 or 2) 

p^"^ and '•^isPKme.hJacry.oy.o^hydroxy. 

» ^^SZV 1 ^^^^ J a - T denotes an organic 

«J2523ET^^ «thy,o.me,hane 
W dioljtetramethacryteto. ^tr.tnethylhexamethylene) bis PKaminocarboxyJpropana-l^ 

another '^^n^t^l^XlTT^ T invididua,, y 0f in combination with one 

should be us* in an amoum J To i« iSS^wS'tJ for i^L 0 " 1 ' 0 "!' 1 "^^"^ble monomer 
includes organic pa" I allS^unds^n 0 ^n>c« 9 * "«* this invention 

sutflnic acid includes benzenesufflnic aca ^toJLiiw™? J thereo, )• The aromatic 
aywneaulflrieaciATtocS^^ e-naphthalenesulfinic acid, and 

earth metal ion. or anmo^ZoX^ r ^ ^V^^T 19 alto,i metal ion - alkali "° 
and edhesiv* strength. Their eZpi^a^ S? 7 MpTJ^SX?^ fST" 
aromatic amines include N.NKlimeWaniline ^L*^ 

anol-p-toluidine. N-methylaniline and H^L ^ S^. ^ "•'^"anolaniline. N.N-dieth- 
loric acid, acatic acid.TphoTphoric^d TtfSS^IS? "1? fo ™ 8 <*" with hydroch- 

peroxide, ^^to^ra^^^^^^^.^^^ m-to.uoy,- 
Preferable among them are benzoyl peroxid Srt^^ SxiS^^H^^ 8 ^ ^J?!* 1 ?- 
an amount of 0.01 to 20 parts by weight oreferablv o ite k r^m. £ .~ 9 a9ents are add «» 
polymerizable monomer 9 P™»Wr 0.1 to 15 parts by weight tor 100 parts by weight ot the 

In some cases, it is desirable to incorporate the adhesive of th« Iimm^ . . ... 

55 solvent having a boiling point lower than 150«C at 760 tSS* , a! ^LSdtafm £ ! vo £ w \ w »™te 
adhesive of this invention is used as a primer to be aoDltad to ^^TSSTT^ ? Preferable where the 
filling material. After application. £ K^£SS2E K^'SEtt!" 1 ' 9 ° ,adenta ' 
that a film of the adhesive is formed on the adtemnii ThT?L1-^? ^ blowing air or nitrogen so 
ethanol. acetone, methyf ethjd SSn. ? nThyl S ' I&ES iSST" inCludes me,nano1 - 

50 ether, isopropy. ether.Tnd to.ue^o^'tiKSnS'S^J ^• u SS re an^!L Ch 1 ,< l r0,0 T , • 6,hy ' 
times (by weight), preferably less than 100 times * fo?^tori!LV£?tZL?! 01 less than 300 
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used as a dental cement (for adhesion and filling), dental composite resin, and bone cement. The filler 
should be added in an amount of less than 1 000 parts by weight, preferably 20 to 500 parts by weight for 
100 parts by weight of the polymerizable monomer. The filler improves the Theological properties of the 
adhesive composition at the time of its use, the mechanical properties of the cured adhesive, and the 

5 adhesrve strength and the resistance of the adhesive strength to water. Examples of the inorganic filler 
include natural minerals such as quartz, felstone. pottery stone, wallastonite, mica, clay, kaolin, and 
marble ; ceramics such as silica, alumina, silicon nitride, boron carbide, bo on nitride, soda glass, barium 
glass, strontium glass, borosilicate glass, and lanthanum-containing glass ceramic : and water-insoluble 
inorganic salts such as banum sulfate and calcium carbonate. Usually, the inorganic filler undergoes 

10 surface treatment with a silane coupling agent such as -y-methacryloyloxypropyl trimethoxy silane. vinyl 
trimethoxy silane. vinyl triethoxy silane. vinyl trichlorosilane, vinyl tris(2-methoxyethoxy)silane. vinyl 
triacetoxy silane. and «rmercaptopropyl trimethoxy silane. The organic polymeric filler 'includes 
polymethyl met hacry late, poryamide, polyester, polypeptide, porysulfora- polycarbonate, polystyrene, 
chioroprene rubber, nrtrile rubber, styrene-butadiene rubber, and poly\inyl acetate. The inorganic- 

15 organic composite type filter includes the silane-treated inorganic filler coated with the above-mentioned 
polymer. 

These filters are used individually or in combination with one another. The filler may be of formless, 
spherical, lamellar, or fibrous, having a particle diameter smaller than 100 microns. The polymeric filter 
ay be dissolved in tne poiymerizabte monomer or a volatile organic solvent. Inorganic filters and 
20 Miorganic-organic composite type fillers are preferable where the adhesive of this invention is used as a 
dental cement or derrtaJ composite resin, and organic fillers are preferable where it is used as a bone 
cement. 

In the case where the adhesive of this invention is intended for industrial use and home use the 
adhesive may be incorporated with an organic solvent-soluble polymer such as PMMA, polystyrene 

25 polyvinyl acetate, chioroprene rubber, butadiene rubber, nitrite rubber, and chlorosulfonated 
polyethylene in an amount of less than 200 parts by weight, preferably less than 120 parts by weight for 
100 parts by weight of the vinyl monomer composition, whereby the adhesive is increased in viscosity and 
the mechanical properties of the cured adhesrve are improved. 

In addition to the above-mentioned additives, the adhesive of this invention may be incorporated with 

30 a polymerization inhibitor (a. g.. hydroquinone methyl ether(MEHQ)). antioxidant [e. g.. 2 e-dMert-butyi-p- 
cresol (BHT)], ultraviolet absorbing agent, pigment, phihalic acid diester or silicone oil, as occasion 
demands, according to the performance required. These additives are added in an amount of less than to 
parts by weight preferably less than 5 parts by weight, for 100 parts by weight of the polymerizable 
monomers. 

35 . ... ,n the , ca5e wnerft the adhesive of this invention is used in the dentistry and orthopedics, a redox 
initiator of room temperature curing type is commonly used. In such a case, the oxidizing agent and the 
reducing agent should be packed separately to ensure storage stability, and a special attention should be 
paid to the package form. Examples of the package form include the two-pack systems, each pack 
containing vinyl compound plus reducing agent and vinyl compound plus oxidizing agent • vinvl 
compound plus oxidizing agent (or reducing agent) and volatile organic solvent plus reducing aoent (or 
oxidizing agent) : vinyl compound plus oxidizing agent (or reducing agent) and tiller plus reducing aoent 
(or oxidizing agent) : or vinyl compound plus filler plus oxidizing agent and vinyl compound plus filler 
plus reducing agent. In the case of the three-component system composed of organic suHinic acid (or sal 
thereofVamine (or salt thereoO/peroxide. which is most suitable for the adhesive of this invention the 
summc acid and amine function as the reducing agent and the peroxide, as the oxidizing agent. In this 
case, a three-pack system may be employed in which the sulfinic acid and amine are separated from each 

In the case where a photosensitizer is used as a curing agent, the package containina the vinvl 
compound and photosensitizer should be stored in a container shielded against fclStoff^wS 
50 an inmator (such as tributyl borane) is employed which initiates polymerization in a shon £7c25 
wrth the vinyl compound, the initiator and the vinyl compound should be packed separately from each 
other The two-pack adhesive composition is mixed together immediately before UM 
below^S ^ outstanding adhesion tor a variety of materials as enumerated 

„ * nd ***** the hl 9 n a^esrve strength under a wet condition over a long period of time 

55 (i) Hard tissues of the Irving body, such as teeth and bones. y 

(ii) Base metals and alloys thereof such as iron, nickel, chromium, cobalt, aluminium, cooper zinc 
stainless steel, and brass : and noble metal alloys containing 50 to 90 % of gold or plaTnum ^ ch are 
difficult to bond with a conventional adhesive. 



40 



45 



60 



• \ , T * ~~>».. w iivii, iiiuaci. cnromium, cooau. aluminium. COODer rh 

tin stainless steel, and brass : and noble metal alloys containing 50 to 90 % of gold or J^S^, 
i,ff icult to bond with a conventional adhesive. 

(iii) Ceramics such as glass, porcelain, silica, and alumina. 

bonESnR^^ me,hac ^ ,a,e< polyamide - P( * urelhane - 

^ 0< I*.!- 61 "! 3 ' to exhibit hi9h adhesive s,ren 9 th ,or 8 vari ety of materials as mentioned above 
(i) Dentistry 
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rnm^^fj^f app J ied J° the wa " 01 3 t00th «"* t0 *» ««* with a composite resin which is usually 
composed of a polymenzable monomer, filler, and polymerization initiator. When supplied to the dentist 
the adhesive is combined with the composite resin to form a system. 

t ™^ h T? ^["P^ion incorporated with a filler is used as a composite resin to be filled In the 
tooth cavity. Not only does the adhesive composition function as a fUling material but also it firmiv 
adheres to the tooth. " 7 

e „ 1 J h ® 8 ^f iv ° * » *> na an inl «y- onlay, or abutment to a tooth cavity ; to fasten a bridge, post 
splint, or orthodontic bracket to teeth : or to bond a crown to an abutment 
The adhesive is used as a pit and fissure sealant. 

BM mota e » C t h hf -Kl"- "l* ^' ,C """P 03 * 0 " °< »he adhesive is selected as mentioned above. For 
example if the adhesive is to be coated on a tooth prior to the filling of a composite resin, the adhesive 
composrtion may be prepared according to the recipe as shown in U.S. Patent Nos. 4.259.075 and 
4.259.117 That is. the adhesive composition is made up of 15 to 100 wt% of the above-mentioned vinyl 
compound (which exhibits adhesion on polymerization), a polymerizabto monomer (such as bis-GMA. 
HEMA. and aliphatic dimethacrylate). an organic solvent (such as ethanol) as a diluent and a curinq aaent 
of room temperature curing type. Also, if the adhesive composition is to be used in the form of a 
composite resin, rt is prepared according to the recipe shown in the above-mentioned U.S. Patents That 
is. the above-mentioned adhesive vinyl compound is added In an amount of 15 to 50 wt% (based on the 
total polymenzable monomers) to a conventional filling materiel composed of 20 to 40 wt% of 
20 polymenzable monomer (such as bis-GMA) and 80 to 60 wt% of filler. 

The adhesive thus prepared is applied to a tooth in the usual way. On curing, the composite resin 
adheres o a tooth so firmly that It is not necessary to provide mechanical retention such aTunKSt Otto 
preferabte to subject the tooth surface to acid etching before the adhesive of this invention is applied to 
the tooth : however, rt provides practically sufficient adhesive strength without acid etching unhke the 
cornposrtions disclosed in U.S. Patent Nos. 4.259.075 and 4.259.117. There is some fear for L m Sous 
effect of ecid etching on the dentin). injurious 
The adhesive composition to bond an inlay, onlay, or crown to a tooth cavity or abutment should 
preferably be composed of 15 to 50 par*, by weight of the adhesive vinyl monomer. 985 to 50 parts by 
we.ght of the copolymenzable monomer, and 50 to 500 parts by weight of filler. With the adhesive 
composition thus prepared, it is possible to achieve the bonding of an inlay, onlay, or crown to a tooth 
cavrty. which could not be achieved with a conventional luting cement 
_ an atl^itional application in the dentistry, a liquid composed of the adhesive vinyl monomer 
copolymenzable monomer, and curing agent is applied to the tooth surface, followed by curing, so that 
the firmly-bonding film formed on the tooth surface prevents tooth decay 
35 (ii) Orthopedics 

The edhesive composition of this invention will find use es a bone cement to bond a ceramic or 
metallic artificial joint or splint to a bone. The adhesive composition for such use should preferably be 
composed of 90 to 985 parts by weight of methyl methacrylate. 10 to 15 parts by weight of adhesEe vinyl 
monomer, and 50 to 150 parts by weight of poly methyl methacrylate. 9 aonesrve vinyl 

w (Hi) General industrial and home uses 

• ^ SCOU8e 11 °' outstan ? in 9 adhesion to metals, ceramics, end organic polymers, the edhesive of this 
invention will find general use in the areas of transport, electric rach^nes. building maS can 
manufacture, ceramic industry, and home appliances. It will also find use as coating materials such as a 
paint and an undercoat.ng. When used for coating, it adheres much more firmly to the substrate thanThe 
^ni™Ln Q ^r* **?T* aa 2 n CUri " B *»" (Such 83 oy»™«ry'a*. epoxy resi Tand se£nS 

5SS^E25S rf ,he sobstrate * * a,nw3 ^ oil or — ■ ™- - 8 8U ^ 

Having generally described the invention, a more complete understanding can be obtained bv 

50 ssisssr^ examptes ' which are imended ,or pu,pose 01 n,us,ration ° n » and aw °« 



25 



30 



Example 1 



„ . fo ™ e monomer used .n th« invention wes prepared as follows : A mixture of monomethacry- 

55 late ester and dimethacrylate ester of 1.12-docanediol was prepared by esterifying equimolar amounts* 

^l??!*"™? 1 - 1 f**«w>to« at 90 «C in the presence of p?tolueneLtfonic acid JTSSm. 

After the determmatwn of the mclar ratio by highspeed liquid chromatography, the mixture was V«Kd 

bon^ ^h^ ml P v^ P a tTor7 Ch 0rid ° " a " equim0,ar 8mount °' the •*»*«».. The rerZin^S 
bond was hydrolyzed at 0 »C to give a mixture of 12-methacryloxydodecyl dihydrogen phosphate and 
so 1.12-dodecaned.ol dimethacrylate. After removal of dimwhacrytettbT^action wrth there 

Z c S»^^^^ d °^. ihydro9an phospnat0 - 35 9 01 tnis Phosphate ana^j ?S 
dicyclohexylcarbodiimide were dissolved in 100 cc of ethyl ecetate. followed by stirring at room 
temperature for 5 hours The crystals of urea derivative which had separated out were Altered off After 
adding 15 mg of BHT to the filtrate, the solvent was distilled away tremthe firtrate under reduced p^su- 
65 to yield 33 g of nonvo.at.te residue. By elemental analysis and H'- and P--NMR ana^es T^Z 
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confirmed that the residue is a pyrophosphate ester of the following formula. 

CH 3 CH 3 
I I 
5 H 2 C=*C 0 O OCH 2 

I 1ft | 

COOKH 2 ^l2-0-P-0-P-OfCH 2 4l2-OOC 

OH OH 

10 A two-pack type primer was prepared from this compound according to the following recipe. 

Formulation 1. Parts by weight 

Bis-GMA 50 

15 HEMA 43 

Compound (A) 7 

Benzoyl peroxide 2 



20 



40 



(A) 



Formulation 2. 

Ethanot 10o 

Sodium benzenesulfinlc acid 3 

N.N*dlmethyl-p-toluidlne 0.7 

25 A specimen for adhesion was prepared by embedding a human molar in an epoxy resin in a 
cylindrical holder and then cutting the crown so that the dentin was exposed. On the other hand, a 
stailess steel rod, measuring 7 mm in diameter and 25 mm long was provided. The surface of the dentin 
and the end of the stainless steel rod were polished with # i 000 sand paper. The polished surface of the 
dentin was covered with a piece of adhesive tape having a hole 5 mm in diameter. This hole establishes 

30 the area of adhesion. Formulation 1 and formulation 2 were mixed in equal quantities, and ths mixture 
was applied to the dentin surface and the end of the stainless steel rod. Immediately, air was blown to the 
coated surface by using an air syringe to vaporize ethanol. A commercial dental composite - Clearfil-F » 
was mixed and the resulting paste was cast up on the end of the stainless steel rod. The stainless steel rod 
was pressed against the surface of the dentin, with the paste interposed between the two surfaces. After 

35 being kept pressed for 30 minutes, the dentin specimen and the stainless steel rod which had been 
bonded together were dipped in water at 37 *C for on ■ day. Tensile bonding strength was measured. The 
bonding strength was 66 kg/cm 2 when failure occurred at the dentin-composite resin interface. 



Comparative example 1 

Example 1 was repeated except that the compound (A) was replaced by a known pyrophosphate ester 
of the following formula (B). 



CH 3 o O ch 3 

45 I IB l 

H 2 C»C-COOCH 2 CH 2-O-P-O-P-OCH 2 CH 2OOC-OCH 2 (B) 

OH OH 

50 The tensile bonding strength was 8 kg/cm*. 

Example 2 

55 As the adherends. round rods measuring 7 mm in diameter and 25 mm long were prepared from iron, 
aluminium, copper, nickel, porcelain, a»a!umina. glass, polymethyl methacrylate. and polycarbonate. The 
end of each rod was polished with #1 000 silicon carbide sand paper. A 5 % ethanol solution of compound 
(A) was sparingly applied to each adherend. followed by evaporation of ethanol by an air syringe. A 
powder-liquid type adhesive prepared by mixing the following formulations in equal quantities was 

60 applied to the primed adherend. Two rods of the same kind were butted together. 

Formulation 3. Parts by weight 

Methyl methacrylate 100 
$$ Benzoyl peroxide 1 

15 
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Formulation 4. 

Polymethyl melhacrylate powder 100 

Sodium benzenesulfinato powder 3 

5 N,N-diethanol-p-toluidine j 

After 1 hour, the bonded specimens were dipped in water at room temperature for 10 days. The 

tensile bonding strength was measured. The results are as follows : 

10 '? n . . 351 kg/cm 2 

Aluminium 293 k * /cm 2 

™ cke . 335 kg/cm 2 

Po A r ? 8,am 187 kg.cm* 

15 a-Alumina 172 kg/cm 2 

Polymethyl methacrylate 153 k * /cm2 

Polycarbonate 108 kgycm * 

20 Comparative Example 2 

Example 2 was repeated except that compound (A) was replaced by compound (B). The bonding 

strength for iron, alumina, copper, nickel, porcelain, a-alumina. and glass was lower than 50 kg7cm 2 . 

25 Example 3 

A powder-liquid type adhesive of the following composition was prepared from compound (A). 

Formulation 5. p £rts by we| m 

30 

Bis-GMA 40 

HEMA 3q 

Neopentylgrycol dimethacrylate 20 

Compound (A) 10 

35 Benzoyl peroxide 2 

MEH0 trace amount 
Formulation 6. 



55 



100 



40 Silane-treated quartz powder 

Sodium benzenesurfinate powder 0 3 

N.N-diethano^toluidine 04 

An adherend soc men was prepared by embedding the crown of a bovine anterior tooth in an epoxy 
45 resin in a cylindrical holder, with the labial enamel surface exposed. After polishing with #1 000 sand 
paper, the enamel surface underwent acid etching with 40 % aqueous solution of orthophosphoric acid 
After rinsing, the etched surface was dried by using an air syringe. On the other hand, there was provided 
a stainless steel round rod measuring 7 mm in diameter and 25 mm long, with the end polished with 
#1 000 sand paper. 

50 A pasty adhesive was prepared by mixing 0.1 g of formulation 5 and 0.3 g of formulation 6 The 
adhesive was applied to the end of the round stainless steel rod. The end of the rod was pressed against 
the etched surface. After being kept pressed for ^ hour, the specimens were dipped in water at 37 °C for 1 
day. The tensile bonding strength was measured. The bonding strength was 205 kg/cm 2 when failure 
occurred at the enamel — adhesive interface. 



Examples 4 to 9 



Adhesives were prepared from the compounds listed in Table 1 according to Example 1, and their 
bonding strength for human tooth dentin was evaluated. In addition, a powder-liquid type adhesive was 
50 prepared in the same way as in Example 3 except that compound (A) was replaced by the compounds in 
Table 1. Their bonding strength for an Ni-Cr alloy was evaluated. 

A dental Ni-Cr alloy [Now Chrom (I), made by Towa Giken K.K.] was cast into a square plate measuring 
4 x to x 10 mm. The 10 x 10 mm surface of the alloy plate was polished with #1 000 sand paper. The 
polished surface was covered with a piece of adhesive tape having a hole 5 mm in diameter. This hole 
65 establishes the area of bonding. On the other hand, a stainless steel round rod measuring 7 mm in 
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diameter and 30 mm long was provided. The end of the rod was polished by sandblasting 
abrasive having an average particle diameter of 33 microns at a pressure of 3.5 kg/cm*. A paste obta^c 
by mixing 0.3 g of adhesive powder and 0.1 g of adhesive liquid was applied to the end o! the sta«n*ss 
steel round rod. The eno of the stainless steel rod was pressed against the Ni-Cr alloy plate. After oemg 
5 kept pressed for 1 hour, the specimens were dipped in water at 37 °C for 1 day. The tensile bonding 
strength was measured on an instron tensile tester (at a crosshead speed of 2 mm/min); 
The results are shown in Table 1. 



70 



15 



Examole 



Table 1 



Compound 



Bonding strength 
(kg /en*) 



Human 
tooth 



Ni-Cr 
allov 



20 



CH 3 o \ 
H2C«C-COOfCH 2 *lo-0-P^ L 



OH 



67 



325 



H2C=C-COOCH 2 -(0^-CH 2 0-P O 58 29 8 

OH J 2 
30 



CH 3 O \ 

1 r\ 3 \ 

H 2 C=C-C0CCH 2 -<(h)-CH 2 0-P — O 58 262 

OH / 2 



40 



45 



c» 3 

lH 2 C=C-COOCH2CH 2 0-(o) O \ 64 320 



OCH 2 CH 2 OP- 
I 

OH 



50 



f CH 3 O 

8 IH 2 C=C-COOCH 2 CH O-P j— O 52 2:3 

55 \ CH 2 OOCiCH 2 4 6-CH 3 OH /2- 



/ CH 3 O \ 
/I D \ 
9 H 2 C-C0OCH 2 CH O-P — O 54 306 

S5 \ CH 2 Oh(o) Oh/2 
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Comparative Example 3 

Adhesrves were prepared according to Examples 4 to 9 from a compound of formula (C). 

OCH 3 0 O CH3O 

^CH 2 



H 2 C=CH-^-0 P-O-P 0-^3)-CH= 



(C) 

OH OH 

10 Their bonding strength for the human tooth dentin and an Ni-Cr alloy (Now Chrom (I), made by Towa 
Giken KJC) was 11 kg/cm 2 and 33 kg/cm 2 , respectively. These results are apparently inferior to those in 
Table 1. 



Example 10 

15 

A cylindrical cavity measuring 4 mm in diameter and 4 mm deep was formed on the lingual surface of 
a human molar by using a diamond burr. The cavity was dried by using an air syringe. A mixture of equal 
quantities of formulation 1 and formulation 2 in Example 1 was applied to the entire cavity wall. Air was 
blown to the coated surface by using an air syringe to vaporize ethanol. A commercial dental composite 
20 resin * Ctearfil-F » was filled in tha cavity in the usual way. The tooth specimen was capped in water at 
37 °C for 1 day. Then, the tooth specimen was dipped in water at 4 °C and water at 60 r C alternately 100 
times for 1 minute each. The water was colored with a dye. The tooth specimen was cut with a cutter to 
see if the dye had infiltrated into tha interface between the tooth and the filler. The infiltration of the dye 
was not found at all. 

25 

Example 11 

A conical cavity measuring 6 mm in diameter and * mm deep was formed on the occlusal surface of a 
human molar. An inlay that fits In the cavity was cast from type 111 gold alloy. A 1 : 3.0 mixture (by weight) 
30 of formulation 5 and formulation 6 in Example 3 was applied to the conical surface of the- inlay. The inlay 
was forced into the cavity to effect bonding. After 30 minutes, the tooth specimen wa* dipped in water at 
37 °C for 1 day. Then, the tooth specimen was subjected to thermal cycling test by dipping In water at 
4 °C and wa>er at 60 °C alternately 100 times. After the test, the inlay stayed in the cavity so firmly that it 
could not be pried off by a knife tip. * 

35 

Example 12 



A 1 mm thick plate that fits to the Ungual surface of a human anterior tooth was prepared by casting 
from an Ni-Cr alloy (Ni : 76 %. Or : 12 %. Mo : 3 %, others : 9 %). The surface of the casting that comes into 
40 contact with the tooth was polished by sandblasting with 33 micron alumina abrasive. Tfte lingual surface 
of the anterior tooth underwent acid etching for 1 minute with 40 % aqueous solution of phosphoric acid 
A 1 : 3.0 mixture (by weight) of formulation 5 and formulation 6 in Example 3 was: applied to the 
surface of the casting. The casting was bonded to the lingual surface of the -r.:«,,ar tooth After 10 
minutes, the bonded specimens were dipped in water at 37 °C for 1 day. The tensile bonding strength was 
45 183 kg/cm*, interfactal failure occurred at the tooth surface. 9 W8S 



50 composition. 



Example 13 

A pit and fissure sealant for filling the fissure of a molar was prepared according to the following 



Formulation 7. Parts by weight 

2>Bis(methacrytoyloxyporyethoxyphenyl) propane 60 

55 Neopentylglycol dimethacryJate 20 

Compound (A) 71 

HEMA Vl 

Benzoyl peroxide 2 

00 Formulation 6. 
Bis-GMA 

HEMA 40 

Neopentylglycol dimethacrylate 40 

Sodium benzenesulfinate 20 

65 N.N-diethanoHMoluidine 2 

2 
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to 



15 



SO 



— J?ilT7 L motor was cleaned w.th an explorer, followed by washing and drying The 

« !hV ™ bau ™ 01 to ™ uto " 0 « 7 and formulation 8) was filled in the fissure without etching Ten 
minutes after cunng. the tooth spec.men was dipped in water at 37 °C for 1 day. Then, the tooth specimen 
*"?i? Pe i in w * ,w J> t4 ° c * nd water at 60 »c alternately 100 times for i minute each The S was 
colored with a dye. The tooth specimen was cut with a cutter to see if the dye had n irtratedTnto^ 
mterface between the tooth and the filling material. The infiltration of the dye was hardly found 

Example 14 

A cylindrical I cavfty measuring 4 mm in diameter and 4 mm deep was formed on the buccal surface of 
a human motor by using • diamond burr. The cavity wall underwent acid etching for 1 minute whhS % 
aqueous solution of phosphoric acid, followed by washing and d-ying. The piste obtained bTmbSno 
formulation 5 and fonnulMior .6 in Example 3 in the ratio of 1 : 3.0 by weight was filled in the cVvi? Ten 
minutes after curing, the tooth specimen was dipped in water at 37 °C for 1 day. Then, the heat^clt 
wm conducted as in Exampto 13. The infiltration of dye into the interface was Ertly tound 





Claims 

20 1. An adhesive comprising (a) 1 part by weight of a compound represented by the formula 



O O 
II « 

OH OH 

30 in which each 

R t and is a hydrogen atom or a methyl group, each of X„ X', X 2 ' is 0. S. or NR*, where R* is a 
hydrogen atom or a alky) group, 
m is 1, 2, 3 or 4, 
n is 0. 1. 2, 3 or 4, each of 
35 K and k' is 0 or 1, 

R» is a Cmo organic residue having a valency of (m + 1), and 
R»' is a Ct-iQ organic residue having a valency of (n + 1) ; and 

(b) 0 to 199 parts by weight of a monomer that is copolymerizabte with the compound (I). 

2. An adhesive as claimed in Claim 1, in which all of X„ X,', X* and X 2 ' are oxygen, and k and k' are 
40 both 1. 

3. An adhesive as set forth in Claim 1 or 2, in which R; is identical with R.. R,' is identical with R,. 
and n « m. 

4. An adhesive as claimed in Ciaim 3, in which m and n are both 1. 

5. An adhesive as claimed in any preceding claim, in which R. is (i) a C^, hydrocarbon group 
45 optionally having halogen, hydroxy, amino or carboxy substitution or (ii) a hydrocarbon group iri 

which from two to seven C,.* hydrocarbon groups, at least one of which has 3 or more carbon atoms, 
that optionally have halogen, hydroxy, amino or cart>oxyl substitution, are connected to one another 
through an ether, thioether. ester, thioester, thiocarbonyl. amide, carbonyl. sulfonyl. urethane, 

0 O 

I u n 

-NH-, -M- , -o-P-O- , or -o-P-O-y and 

1 I 
OH O- 



55 

R»* is (i) a C^oo hydrocarbon group, optionally having halogen, hydroxy, amino or carboxy 
substitution, or (ii) a C^o hydrocarbon group in whicri from two to seven C,.^ hydrocarbon groups 
optionally having halogen, hydroxy, amino or carboxy substitution are connected to one another through 
an ether, thioether, ester, thioester. thiocarbonyl, amide carbonyl, sulfonyl, urethane, 

50 o O 

I B . 1 

-NH-, -N- , -O-P-O- , or -O-P-O- 
I I 
OH O- 

55 linkage. 
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6. An adhesive as claimed in Claim 4. in which R, is -HCH,)„-. where n s an , niece r from a to 20 

7. An adhesive as claimed in Claim 4, in which R, is 

CH 2 - CH 2 - 

8. An adhesive as claimed in Claim 4, in which R t is 

where q is 2, 3. or 4. 

9. An adhesive as claimed in Claim 4. in which R, is 

-CH 2 CH- 
l 

CH 2 0(C0) p -R b 

20 where p is 0 or 1 and R b is a Cs„, e hydrocart>on group. 

10. An adhesive as claimed in Claim 1. in which the vinyl monomer (b) is a (meth)acrylate ester type 
monomer* styrene type monomer, or vinyl acetate. 

11. An adhesive as claimed in any preceding claim that al9o includes 0.01 to 20 parts by weight of a 
curing agent per 100 parts by weight of the polymerizable monomers (a) + (b). 

25 12. An adhesive as claimed in Claim 11, in which the curing agent is a polymerization initiator of the 
redox type. 

13. An adhesive as claimed in Claim 12 In multipack form, in which the oxidizing and reducing 
components of the redox initiator are in separate packs. 

14. An adhesive as claimed in Claim 11. in which the curing agent is a photosensitizer. 

30 15. An adhesive as claimed in Claim 14 in two-pack form, in which the initiator and the vinyl 

compound are in separate packs. 

16. An adhesive as claimed in any preceding claim that also includes less than 300 parts by weight of 

a volatile organic solvent having a boiling point lower than 150 °C at 760 Torr (1 013 Pa) per part by 

weight ol the polymerizable monomers (a) + (b). 
55 17. An adhesive as claimed in any preceding claim that also includes 20 to 500 parts by weight of a 

filler per 100 parts by weight of the polymerizable monomers (a) + (b). 

18. A dental adhesive as claimed in any one of Claims 11 to 1 5 or as claimed in Claim 16 as dependent 
on any one of Claims 11 to 15. for use in filling into a tooth cavity. 

19. A dental adhesive as claimed in Claim 17 as appendent to any one of Claims 1 1 to 15 for use in 
40 filling into a tooth cavity. 

^ A d8ntal adhesive as claimed in Claim 17 as cependent on any one of Claims 11 to 15 for use in 
bonding between a tooth and a dental restorative material or between dental restorative materials 

21. A dental adhesrve as claimed in any one of Claims 11 to 15 for use in coating a tooth surface for 
prevention of dental canes. * 
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Paten tamp rue he 

1. Klebstoff aus (a) 1 Gew.-Teil einer Verbindung der Formel 



0 O 
» Q 

1 l 
OH OH 





worin jeweils R T und FT ein Wasserstorfatom Oder eine Methylgruppe sind. jeweils X, X* X 2 und X ' O 
60 S Oder NR* sind. wobei R* ein Wassersloffatom oder eine C^AIkylgruppe bt. m 1. 2. 3 Oder 4 ist n 0 1* 

2, 3 Oder 4 ist. jeweils k und k' 0 Oder 1 sind. R. ein C^-organischer Rest mit einer Wertigkeit von 

(m + 1) ist und R p ' ein C^-organischer Rest mit einer Wertigkert von (n + 1) ist. und (b) 0 bis 199 Gew 

Teilen ernes Monomeren. das mit der Verbindung (I) copolymer is ierbar ist. 

^ Klebstoff nach Anspruch 1. dadurch gekennzeichnet. daB alle Substituenten X t . X,' X, uno XV 
55 Sauerstoff sind. und k und k' jeweils 1 sind. 
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idirT^ir n nSPrUCh 1 ° def Z d3dUrCh 9 ekennzeich ^t. daB R; identisch i s t mil R.. R,* 
identisch ist mit R t und n » m. 

4. KJebstoff nach Anspruch 3. dadurch gekennzeichnet, daB m und n jeweils i sind 
5 KlebMoft nach einem der vorhergehenden Anspruche. dadurch gekennzeichnet. daB R. (i) eine 
k '!t ? ? nwa * se ? t0 "gruppe ist. die gegebenenfalls eine Halogen-. Hydroxy-. Amino- Oder Carboxv- 
"bstitut.on aufwe,«. Oder (i!) 8ine C^-Koh.enwasserstoffgruppe ist, in weteher zwei bis slebTn 
eiSS^rK' W0 "?? i davon drei Oder mehr KohlenstoHatome autweist. die 

S%^£ aZ? ™° 9 - e .K- ^'nooderCarboxylsubstitution aufweben konnen. miteinan- 

der uber e»ne Ather-. Thioather-. Estb,-. Thioester-. Thiocarbonyl-. Amid-. Carbonyk Sulfonyl-. Urethan- 

0 0 
I II n 

-nh- , , -o-p-o- oder -o-p-0-; 

1 I 
»5 OH O- 

Verknuptung verbunden sind. und R,' (i) eine C.^-Kohlenwasserstottgruppe ist die oeoeoe- 
nenfalls e.ne Halogen-. Hydroxy-. Amino- Oder Ca-oxysubstitution aufv«tot o^er ii) ei4 

*> ^-^t"r PPe H ^ in *!' biS Si9be " C.-a-Kohlenwesse^offgruppen die ^egebt 
K Th ° 9 pST* H ^- 0Xy * > ^ 0der Cart *>xysubstitution aufweisen. miteinander iibeieiZ 
Ather-. Th.oather-. Ester-. Th.oester-. Thiocarbonyl-. Amid-. CarbonyK Sulfonyl-. Urethan- 

0 O 

I I I 

25 -NH-, -N- , -o-P-0- , oder -0-P-O- 

1 I 

OH 0- 

Verknupfung verbunden sind. 
30 ganze ShfJon 8te 20 isT^ 4 ' 9 ekennMichRet - daB R . HOW- bedeutet. wobei n eine 

7. Klebstoff nach Anspruch 4. dadurch gekennzeichnet. daB R. 
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-^2-®^ oder -ch 2 -<®> 

LHj*- CH2~ 



ist 

8. Klebstoff nach Anspruch 4. dadurch gekennzeichnet. daB R» 



CK-CH 2 t 2 - 

wobei q 2. 3 Oder 4 bedeutet. ist. 

9. Klebstoff nach Anspruch 4. dadurch gekennzeichnet. daB R, 

-CH 2 CH- 
I 

CH 2 0(CO) p -R b 



50 1st. wobei p 0 oder 1 ist und eine C^g-Kohlenwasserstottgruppe ist 

10 Klebstoff nach Anspruch 1, dadurch gekennzeichnet daB das Vinylmonomere (b' ein (Methi 

Acrylatestertypmonomeres, Styroltypmonomeres Oder Vinylacetat ist. ' 

^ JJ'J 06 *^ 0 ? na . Ch eiTOm def wne^ehenden Anspruche. dadurch gekennzeichnet daB er auch o oi 
55 SSt 8,neS HSrtUn 9 8mme,S >"> 100 der polymerisierbaren Monc^ 

tions*^ dadurch gekennzeichnet daB das Hartungsmittel ein Polymer^ 

13. Klebstoff nach Anspruch 12 in einer Vielpackungsform. in welcher die oxidierenden und 
redraerenden Komponenten des Redoxinitiators in getrennten Packungen vorliegen 
60 4. K ebstoff nach Anspruch 11. wobei das Hartungsmittel ein Photosensibilisator ,st 

15. Klebstoff nach Anspruch 14 in einer Zweipackungsform. wobei der Initiator" und die Vi 
nylverbindung in getrennten Packungen vorliegen. mmaior unc die Vi- 

16. Klebstoff nach einem der vorhergehenden Anspruche. der auch weniger als 300 Gew.-Teile eines 
flue htigen organisers Losungsmrttels mit einem Siedepunkt von weniger all 150 ^bef 760 To p 0?l 

65 Pa) pro Gew.-Tetl der polymerisierbaren Monomeren (a) - (b) enthalt ( 
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17. Klebstoff nach einem der vorhergehenden Anspruche. der auch 20 bis 500 Gew.-Teile eines 
FGIIstofts pro 100 Gew.-Teile der polymerisierbaren Monomeren (a) + (b) enthalt. 

18. Zahnklebstoff nach einem der Anspruche 11 bis 15 Oder nach Anspruch 16 in Abhangigkeit von 
einem der Anspruche 11 bis 15 fur eine Verwendung rum Einfullen in eine Zahnkavitat. 

5 19. Zahnklebstoff nach Anspruch 17 in Abhangigkeit von einem der Anspruche 11 bis 15 fur eine 
Verwendung zum Einfullen in eine Zahnkavitat 

20. Zahnklebstoff nach Anspruch 17 in Abhangigkeit von einem der Anspruche 11 bis 15 fur eine 
Verwendung in einer Bindung zwischen einem Zahn und einem Zahnreparaturmaterial oder zwischen 
Zahnreparaturmaterialien. 

W 21. Zahnklebstoff nach einem der Anspruche 11 bis 15 fur eine Verwendung in einem Oberzug einer 
Zahnoberflache zur Verhinderung einer Zahnkaries. 
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Revindication* 

1. Un adhesif comprenant (a) une partie en poids d'un compose represente par la formule 

H 2 C-C 1 Q u | C-CH 2 , (l) 

in || 
25 OH OH 

dans laquelle chaque 

R, et R' est un atome d'hydrogene ou un groupe methyle. cnacune de X„ X*. X 2 et X 2 ' est O. S ou 
NR* oil R* est un atome d'hydrogene ou un groupe alcoyle en C,^. 
30 m est 1, 2, 3 ou 4 

n est 0. 1, 2, 3 ou 4, chacun de 
k et k' est O ou 1. 

R t est un reste organique en ayant une valence de (m + 1) et 
R.' est un reste organique en Cvt© *Y* nX valence de (n + 1) ; et 
35 (b) 0 a 199 parties en poids d'un monomer© qui est copolymerisable avec le compose (I). 

2. Un adhestf comma revendique dans la revendicatlon 1 dans lequel X t . X/. X 2 et X 2 sont tous un 
oxygene et k et W sont tous deux 1. 

3. Un adhesif comme indique dans la revendicatlon 1 ou 2 ou R,' est Identique a R § , R,' est 
identique a R, et n * m. 

40 4. Un adhesif comme revendique dans la revendicatlon 3 dans lequel m et n sont tous deux 1. 

5. Un adhesif comme revendique dans Tune quelconque des revendications precedentes ou R A est 
(i) un groupe hydrocarbone en C^, ayant eventueltement une substitution halogens, hydroxy, amino ^u 
carboxy ou (ti) un groupe hydrocarbone en dans lequel 2 a 7 groupes hydrocarbones en C,.^ 
dont au moins 1 a 3 atomes de carbone ou plus, qui eventueltement ont une substitution halogene. 

45 hydroxy, amino ou carboxyle, sont raccordes entro eux par un ether, un thioether, un ester, un thioester. 
un thiocarbonyle. un amide, un carboxyle, un sulfonyle, un urethane 

0 O 
I i) II 

50 -NH-, -H- , -O-P-O- , OU -O-P-O- ; et 

1 I 
OH O- 

R,' est (i) un groupe hydrocarbone en C,^ ayant eventuellement une substitution halogene. 
55 hydroxy, amino ou carboxy. ou (ii) un groupe hydrocarbone en C200 dont 2 a 7 groupes hydrocarbones 
en Ct.29 ayant eventuellement une substitution halogene. hydroxy, amino ou carboxy sont reunis entre 
eux par une liaison ether, thioether. ester, thioester. thiocarbonyle. amide, carbonyle. sulfonyle. urethane 

0 o 
I D 9 

60 -NH-, -N- , -O-P-O- , ou -O-P-O- - 

1 I 
OH O- 

6. Un adhesif comme revendique dans la revendication 4 ou R. est — -(CH^— . ou n est un entier de 
65 8 a 20. 
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7. Un adhesif comme revendique dans la revendication 4 oil R, est 

8. Un adhesif comma revendiqua dans la revendication 4 ou R, est 

* CH 2V°-©n*ch 2V 

oil q est 2, 3 ou 4. . _ . 

9. Un adhesif comma revendiqu* dans la revendication 4 ou H, est 

-CH 2 CH- 
I 

C8 2 0{CO) p -a b 



20 un 



ou p est 0 et 1 et R> est un groups J^f"^*^* , dan8 lequel te monomere virrylique (b) est 

10. Un adhesif comma revendiqu* dans la f^ na '^°"^,° n * ou facetate da vinyle. 
un monomere da type ester de type Mth^crylate^n n^no^ "V^*™^*^^^ 

11. un adhesif comme revendique dan, I "»^f2S^i?!S W parties en poids des 
comprend aussi 0.01 a 20 parties en poids d un agent de durcissemem pour . w ^ 

MK ^SSSKSSS^&k dan, la revendication 11 dans .aqua, regent de durcissement est 

" T Un adSTSmme revendique dans la revendfcation 14 sou, f^jtfun emba.lage doubte dans 
SronSuTa 3K f^^MS part* en poids de, monomara, potymarisao.es 

indications 11 a 15 pour remploi da« iMMta fSSSJTSln. to mesura ou el.e est 

remptoi ctamto revetement d'une surtace dentaire pour la prevents des can« derrta.rw. 
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